To evaluate the relationship between peripheral retinal drusen and reticular pigment changes and genotypes associated with age-related macular degeneration (AMD). METHODS. Using standard protocols, 2103 family members and twins were examined. Clinical and photographic data were graded according to the Clinical Age-Related Maculopathy Grading System (CARMS) as grade 1 (no AMD), grade 2 (small drusen and/or pigment irregularities), grade 3 (intermediate AMD), grade 4 (central or noncentral geographic atrophy), or grade 5 (neovascular disease). Peripheral drusen and reticular pigment were assessed with a standardized examination. Associations between six AMD genetic variants and retinal phenotypes were analyzed. RESULTS. AMD grade was associated with peripheral drusen and reticular pigment (odds ratio [OR] 1.9 for advanced AMD; P Ͻ 0.001). Both peripheral retinal phenotypes were associated with AMD related genotypes. For CFHY402H, the OR was 2.8 for the CC genotype versus TT (P for trend Ͻ 0.001, with increase in peripheral drusen with each additional risk [C] allele). Similar results were seen for CFHrs1410996. Reticular pigment was related to CFHY402H, with OR 2.0 for the CC genotype versus TT (P for trend Ͻ 0.001, for increase in pigment with each risk allele) and to CFHrs1410996 (P for trend ϭ 0.006). These findings were not seen for the LOC387715 A69S gene region, CFB, C2, or C3. Among individuals with no or minimal maculopathy, CFH variants were associated with more than a twofold increased risk of drusen and reticular pigment. CONCLUSIONS. Peripheral retinal drusen and reticular pigment are associated with AMD and with CFHY402H and CFHrs1410996 genotypes, adjusting for AMD grade. These phenotypes may be a marker of genetic susceptibility for patients with or without AMD.
G
iven that peripheral retinal drusen and reticular pigment changes have been observed and described in subjects with or without AMD, 1 we designed standardized clinical examination forms to ascertain these peripheral retinal findings in all our genetic and epidemiologic studies of AMD studies since 1989 (Seddon JM, et al. IOVS 1997; 38 :ARVO Abstract 3172). Preliminary analyses of our data revealed an association between these peripheral retinal phenotypes and a family history of AMD (unpublished data, 2004) . In recent years, several genetic variants have been associated with various forms of age-related macular degeneration (AMD) including CFHY402H, CFHrs1410996, LOC387715A69S gene region, complement factor 2 (CF2), complement factor B (CFB), and complement factor 3 (C3). [2] [3] [4] [5] We expanded our analyses of family history of AMD to explore the association between these known genetic variants and the presence of peripheral drusen and pigment irregularities and to determine whether these phenotypes could represent another expression of genetic susceptibility among individuals with or without AMD.
METHODS

Study Population
Participants in our Family Genetic Study of Age-Related Macular Degeneration (n ϭ 1599) and our U.S. Twin Study (n ϭ 504) included in this study were examined according to standardized examination and photography protocols and AMD grading systems designed for these studies. Baseline examinations were conducted from 1989 to 2007 by JMS and participating ophthalmologists throughout the United States. Follow-up ocular records were obtained, and follow-up examinations and photography were conducted during this same period.
This research complied with the tenets of the Declaration of Helsinki and was approved by the institutional review board; informed consent was obtained from all subjects.
Phenotypes
Grade of AMD. AMD grade was determined based primarily on photographs of the macula (a 6000-m diameter centered on the fovea) according to the Clinical Age-Related Maculopathy Grading System (CARMS) which has a five- 
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Copyright © Association for Research in Vision and Ophthalmology AMD studies, incorporate questions about the presence or absence of peripheral drusen and peripheral reticular pigment changes. Peripheral drusen were defined as hard or soft drusen located near the equator, usually small to medium in size. Reticular pigment was defined as "linear patterns of hyperpigmented lines which may have some branching, formation of incomplete geometric patterns or polygons, or complete polygons with marked pigmentation-five or six sided geometric patterns" located in the equatorial region to the ora, as described by Lewis et al. 1 Example photographs for peripheral reticular pigment were also provided for the study examinations as shown in Figures 1 and 2 .
Photographs of seven fields were also obtained as part of the study protocol, to document extramacular retinal drusen and pigment changes. Drusen in the posterior pole (nasal to the disc, temporal to the macula and near the arcades) were graded separately and were not included in these analyses, unless more peripheral drusen were also present.
Genotyping
DNA samples were obtained from whole blood and stored in our blood repository. The following six common single-nucleotide polymorphisms (SNPs) associated with AMD were evaluated: (1) complement factor H (CFH) Y402H (rs1061170) in exon 9 of the CFH gene on 1q31, with change 1277TϾC, resulting in a substitution of histidine for tyrosine at codon 402 of the CFH protein; (2) CFH rs1410996 which is an independently associated SNP variant within intron 14 of CFH; (3) LOC387715 A69S (rs10490924 in the LOC387715/HTRA1 region of chromosome 10), a nonsynonymous coding SNP variant in exon 1 of LOC387715, resulting in a substitution of the amino acid serine for alanine at codon 69; (4) complement factor 2 or C2 E318D (rs9332739), the nonsynonymous coding SNP variant in exon 7 of C2 resulting in the amino acid glutamic acid changing to aspartic acid at codon 318; (5) complement factor B or CFB R32Q (rs641153), the nonsynonymous coding SNP variant in exon 2 of CFB resulting in the amino acid glutamine changing to arginine at codon 32, (6) complement factor 3 or C3 R102G (rs2230199), the nonsynonymous coding SNP variant in exon 3 of C3 resulting in the amino acid glycine to arginine at codon 102. For the genetic variant on chromosome 10, LOC387715A69S (ARMS2), it remains uncertain whether the gene HTRA1 adjacent to it may in fact be the AMD susceptibility gene on 10q26 9 -11 ; but the relevant SNPs in these two genes have been reported to be nearly perfectly correlated. Thus, although the other SNP is a promising candidate variant, rs10490924 can be considered a surrogate for the causal variant that resides in this region. For the C2/CFB genes, there are two independent associations to the C2/CFB locus, but because of linkage disequilibrium we do not know which of the two genes or both are functionally affected. Genotyping was performed with primer mass extension and MALDI-TOF MS analysis on a gene-analysis system (MassEXTEND; Sequenom, San Diego, CA) at the Broad Institute Center for Genotyping and Analysis (Cambridge, MA).
Statistical Analyses
Distributions of baseline demographic, genotypic, and ocular characteristics for the family, twin, and combined datasets were calculated and are displayed in Tables 1 and 2 . In Table 3 , the relationship between peripheral drusen and AMD grade as a categorical variable was assessed (PROC GENMOD; SAS Institute, Cary NC). Similar analyses were run for peripheral reticular pigment. Tables 4 and 5 are based on GEE analyses (PROC GENMOD; SAS), with a logit link regressing the logit of the probability of peripheral drusen, with AMD grade and genotype as categories. In addition, a similar approach was used in tests for trend, which were calculated for the number of non-wild-type alleles for genes with more than two genotypes. For all analyses the eye was the unit of analysis, and the correlation between eyes was taken into account. Table 1 displays the demographic and genetic characteristics of the study population. Only Caucasian participants were in- cluded in these analyses. The mean age for the total population was 76.9 Ϯ 8.6 years, with 55% men and 45% women. Ocular characteristics were similar for OD and OS as shown in Table 2 . Of the eyes studied, 28% were grade 1 (no AMD) and approximately 37% had advanced AMD (grade 4 or 5). Peripheral drusen were present in 11% to 12% of the eyes, and peripheral reticular pigment was present in 24% to 25% of them. Table 3 displays the association between AMD grade and peripheral retinal drusen and reticular pigment. The presence of peripheral drusen increased from 7% for grades 1 and 2, to between 13% and 17% for grades 3 to 5 (P for trend ϭ 0.003). The presence of reticular pigment increased from 14% to 15% for grades 1 and 2 to 25% for grade 3 and 34% to 35% for grades 4 and 5 (P for trend ϭ 0.001).
RESULTS
Compared to grade 1, odds ratios (OR) were 1.9 for grade 3 to 5 for peripheral drusen, and 1.6 to 2.0 for peripheral pigment, indicating that maculopathy is associated with approximately a twofold increased risk of peripheral retinal findings. Table 4 displays the association between genotypes and prevalence of peripheral drusen and pigment, adjusting for AMD grade. The CFHY402H genotype was associated with peripheral drusen, with P for trend Ͻ 0.001 for an increase in drusen with each additional risk allele (C) compared with the TT genotype (drusen present in 6% of TT, 10% of CT, and 18% of CC genotypes). The CC genotype was associated with a 2.8-fold increased risk of peripheral drusen (OR, 2.8; 95% confidence interval [CI] 1.7-4.6). Results were similar for CFHrs1410996, with a P for trend ϭ 0.016 for the increase in drusen with each additional risk allele (C), compared with the TT genotype (drusen present in 5% of TT, 10% of CT, and 14% of CC genotypes), and a 2.5-fold increased risk (95% CI, 1.1-6.0) for the CC genotype. The CFHY402H genotype was also related to peripheral reticular pigment changes with P for trend Ͻ 0.001 for the increase in pigment with each risk allele (reticular pigment present in 17% of TT, 22% of CT, and 33% of CC genotypes), with a 2.0-fold increased risk for the CC genotype. For CFHrs1410996, the association was similar for peripheral pigment (P for trend ϭ 0.006), which was present in 17% of TT, 21% of CT, and 28% of CC genotypes, with a 1.6-fold increased risk for the CC genotype. For the LOC387715 A69S gene region, there was a significant inverse trend for less peripheral pigment with each T (risk) allele. No associations were seen for the C2 or CFB genotypes. For C3, there was a slight trend in the same direction as CFH for both peripheral drusen and pigment, which was not significant. Table 5 shows the association between genotype and prevalence of peripheral drusen and pigment among individuals without AMD or with only minimal signs of maculopathy (grades 1 and 2 only), adjusting for AMD grade. For both of the CFH genotypes, reticular pigment was significantly associated with an increasing number of risk alleles (P ϭ 0.006 for CFHY402H, and P ϭ 0.010 for CFHrs1410996), with a 2.2-to 2.4-fold increased risk of peripheral reticular pigment for the CC genotype. There was also over a twofold increased risk for having peripheral drusen with the presence of one or two risk alleles for both CFH genotypes, but the trend for this association was not statistically significant. Similar associations were not seen for the other genotypes among individuals with early or no disease.
DISCUSSION
The associations between six known AMD genetic variants and peripheral retinal phenotypes were evaluated. The associations between peripheral retinal phenotypes and AMD were also determined. The results of this study newly quantify (1) the Frequency counts for some genotypes may not add up to the total sample size due to missing genotype information for some subjects. (4) the association between these peripheral retinal phenotypes and CFH genotypes, even among individuals without a diagnosis of AMD or with minimal signs of maculopathy.
We found approximately a twofold increased risk of peripheral retinal drusen and peripheral reticular pigment among individuals with intermediate to advanced maculopathy, which indicates that the central macular and peripheral retinal phenotypes are related. After adjustment for AMD grade, both CFH genotypes were significantly associated with peripheral drusen and peripheral reticular pigment. The risk was 1.6-to 2.8-fold higher for the presence of the peripheral phenotypes with the CC genotype for both variants. The genetic variant CFHrs1410996, 4 a SNP lying within an intron of CFH, is related to AMD-more strongly than CFHY402H in some populations. 12 Even among individuals with little or no maculopathy, these associations between peripheral retinal phenotypes and both CFH genotypes were present, with similar magnitude of effect. These results indicate that the peripheral retinal phenotypes are associated with AMD genotypes. Furthermore, among those with little or no central macular disease, these extramacular phenotypes may be a sign of genetic susceptibility.
Individuals with the LOC387715A69S TT (risk) genotype were somewhat less likely to have peripheral retinal reticular pigment. The exact biological mechanism related to this AMD gene region is unknown but appears to differ from CFH and other complement factor genes. We have previously shown that the LOC387715 gene is more strongly related to progression to neovascular disease compared with geographic atrophy, 13 whereas the CFH genotype is related to both advanced forms with somewhat lower magnitude of effect. Additional studies with large numbers of subjects are needed to evaluate The eye was the unit of analysis. further the relationship between this gene region on chromosome 10 and peripheral retinal phenotypes. One study showed a relationship between the CFHY402H genotype and peripheral pigment changes, 14 and another showed no relationship with LOC387715, 15 using our protocols. However, they did not report an association between the two genotypes and peripheral drusen. Another study with 420 cases and 50 controls showed an association between CFHY402H and the presence of "peripheral drusen" defined as located "outside the temporal vascular arcades," 16 but it is uncertain whether drusen in the periphery at or near the equator were evaluated separately from drusen in the posterior pole and whether the presence of AMD was controlled for in the analyses. Our analyses quantified the magnitude of the relationships between central and peripheral phenotypes, demonstrated and quantified the relationship of peripheral retinal findings with AMD and also assessed the independent associations between the central and peripheral phenotypes with six genotypes related to AMD.
Lewis et al. 1 studied 396 donor eyes obtained postmortem and 50 patients and described the histopathology of peripheral reticular pigment. Their results showed a correlation between these peripheral pigment changes and macular degenerative abnormalities. Our results among 2103 subjects support that association, and also quantify the magnitude of that relationship: about a twofold increased likelihood of having AMD with either peripheral drusen or reticular pigment compared with eyes without those findings. The reason for the geometric pattern of hypertrophy and hyperplasia of the pigment epithelium is unknown. Lewis et al. 1 described it as a "zonal degeneration related to ischemia in the watershed area of the anteroposterior circulation and the gradual decline in the metabolic activities of the pigment epithelial cells." They did not find the pigment to be related to the choroidal vascular lobules.
Rudolf et al. 17 studied nine AMD-affected eyes and reported the characteristics of drusen in the macula and in the retinal periphery. They found differences in morphology, composition, and physical properties between the drusen types in the two locations. Soft drusen appeared in the macula only, and the periphery had hard and compound drusen. Despite the morphologic differences, our results suggest that genotypes for macular disease are also associated with the more peripheral types of drusen.
Given the peripheral nature of the phenotypes which may be difficult to capture by photography, peripheral retinal phenotypes were based mainly on the standardized study examination, which specifically asked for presence or absence of these findings as defined in the protocol. Therefore, reliability measures involving repeated examinations were not available. The validity and reliability of the AMD grading system has been described previously. 6 Advantages of this study include the large number of subjects (N ϭ 2103), assessment of six known single-nucleotide polymorphisms (SNPs), use of standardized protocols, analyses of the magnitude of the effects seen, assessment of the independent associations controlling for AMD grade, and stratification according to AMD grade allowing estimation of the effect of the peripheral findings among eyes with little or no macular disease.
Results of this study may have clinical relevance in that peripheral drusen and reticular pigment changes appear to be signs of genetic susceptibility, even among those who do not have AMD. 
